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Immunology SelectWhen a T cell encounters an antigen-presenting cell, the two cells form an intimate connection called the immu-
nological synapse (IS). Formation of this structure is thought to be a key event in the recognition of antigens and
the activation of T cells. How this structure forms and functions is an area of intense research and the subject of
this issue’s Select.
MTOCs and the Immunological
Synapse: A Moving Tale
When cytotoxic T lymphocytes encounter an infected cell or a tumor cell,
they establish an interaction interface with the target cell called the immuno-
logical synapse (IS). This interface is partly mediated by the T cell receptor
(TCR). The structure of the IS resembles a ‘‘bulls-eye’’ with the TCR
located in the central portion of this interface called the central supramolec-
ular activation cluster (c-SMAC). Surrounding this region is the peripheral
(p)-SMAC where adhesion molecules such as ICAM-1 cluster. Signaling ini-
tiated at the IS ultimately results in the secretion of lysosomal enzymes and
lytic proteins that kill target cells. In their new study, Stinchcombe et al.
(2006) describe a mechanism for how the lytic granules containing lyso-
somal enzymes are delivered to the plasma membrane. After establishing
contact with the target cell, the microtubule organizing center (MTOC) of
the T cell moves to become adjacent to the plasma membrane of the IS and the granules move along microtubules
to their minus ends, which are embedded in the MTOC. To address how the granules are secreted, Stinchcombe
et al. (2006) examined the cytoskeletal elements at the IS. They observed that actin was cleared away from the IS
before fusion of the granules, indicating that this cytoskeletal element is not likely to participate directly in granule
secretion. When they looked at the microtubule cytoskeleton they found that minus-end (but not plus-end) directed
motor activity was sufficient to cause granule secretion. Once the T cell was engaged with the target cell, the authors
noted that the centrosomes and centrioles were often in contact with the plasma membrane, thereby bringing micro-
tubules parallel to the membrane. Interestingly, the centrioles were always in contact with the plasma membrane on
the edge of the c-SMAC region. The authors propose that once the T cell establishes contact with a target cell, gran-
ules are transported towards the MTOC (which is in close proximity to the plasma membrane) by minus-end directed
motors moving along microtubule tracks. When these granules reach the MTOC, they are delivered directly to the
plasma membrane where they can fuse and release their contents. This is a very unusual secretory mechanism
and it will be interesting to determine whether this system is present in other cell types.
In a related study, Combs et al. (2006) propose a mechanism for how the MTOC becomes reoriented and moves
closer to the IS. They examined whether the minus-end directed microtubule motor dynein is involved in MTOC
reorientation. This motor is a good candidate to be involved in this event as localization of dynein to the plasma mem-
brane and its ability to move towards the minus-end of microtubules could be a mechanism by which the centrosome
is ‘reeled in’ towards the plasma membrane. The authors examined the distribution of ADAP, a scaffolding protein
that links T cell signaling to clustering of integrin molecules. When Jurkat T cells were activated, ADAP, microtubules,
and dynein colocalized at the IS in a ring shaped structure. ADAP also exists in a complex with dynein and this as-
sociation is more pronounced in activated Jurkat cells. Loss of ADAP prevents the polarization and movement of the
MTOC into the IS and dynein is not localized to the IS in ADAP-deficient T cells. These results suggest that localiza-
tion of dynein to the IS mediated by ADAP could be responsible for the reorientation and movement of the MTOC
to the IS.
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Immunological Synapses: Live and in 3D
The formation of the IS has been well-documented in cultured cells in vitro, but whether this structure forms in vivo is
still under debate. To address this question, Barcia et al. (2006) examined the formation of the IS in rats. First, the
authors infected brain cells specifically in the striatum with an adenoviral vector carrying a reporter gene. The
majority of the infected cells that expressed the reporter gene were astrocytes. A month later, these animals were
given a systemic injection of another adenovirus to induce an immune response in the brain. Examination of brain
slices immunostained with antibodies either to recognize T cells or the reporter gene expressed in the infected as-
trocytes revealed that there was a large influx of CD8+ and CD4+ T cells into the infected region. This event occurred
prior to the clearance of the infected astrocytes and both CD4+ and CD8+ T cells were essential for clearance.
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Immunostaining also revealed the presence of MHC class I molecules on the surface of infected astrocytes indicat-
ing that these cells can be targeted by the CD8+ T cells. In fact, the authors detected close interactions between
CD8+ T cells and infected astrocytes and the polarization of signaling molecules that characterizes the initial steps
in IS formation. Furthermore, they visualized SMAC formation (using the markers LFA-1 and TCR) using 3D recon-
struction of their confocal images. This study shows that formation of the IS takes place in vivo and is not an artifact
of culture conditions.
C. Barcia et al. (2006). J. Exp. Med. 203, 2095–2107. Published online August 21, 2006. 10.1084/jem.20060420.
The Immunological Synapse Two-Step
Before formation of the IS, a T cell has to find and stably maintain an association with an antigen-presenting cell.
Friedman et al. (2006) examine the role of chemokines in setting up initial contact between the T cell and target
cell. First, they showed that antigen-presenting cells, such as dendritic cells in the lymph node, have the chemokine
CCL21 bound to their surface. The chemokine receptor CCR7 expressed by the T cell is largely responsible for teth-
ering the T cell to the antigen-presenting cell via CCL21. Using differential interference contrast microscopy, the
authors watched T cell movements in real time. In the absence of antigen, but in the presence of surface-bound
chemokine, T cells made contact with the antigen-presenting cell. The T cell then maintained its attachment to
the chemokine-bound antigen-presenting cell through its uropod (‘‘trailing edge’’). However, this attachment did
not initiate signaling. In the presence of antigen, by contrast, the tethering is followed by establishing contact with
the same dendritic cell (in cis) or with another dendritic cell (in trans). This second contact results in release of the
tether via the uropod and the formation of the IS. Formation of the IS induces calcium ion-mediated signaling and
other processes associated with activation of the T cell. The authors propose a two step mechanism of attachment
of the T cell to the antigen-presenting cell. In the presence of chemokine, there is attachment of the T cell to the
antigen-presenting cell via the TCR, the integrin LFA-1 and the adhesion molecule ICAM. However, this tethering
blocks TCR activation and signaling. This event ‘‘primes’’ the T cell, which then can make antigen-dependent con-
tact with either the same or different antigen-presenting cell, leading to IS formation and TCR signaling. Perhaps
the first step ensures that the T cells remain in an antigen-rich environment in order to enhance the chance that
the T cells become activated.
R.S. Friedman et al. (2006). Nat. Immunol. 7, 1101–1108. Published online September 10, 2006. 10.1038/ni1384.
Antigen Recognition by TCR/CD8: Delayed
Gratification
CD8 is a coreceptor expressed by a subpopulation of T cells that stabilizes
interactions between the T cell receptor (TCR) and the peptide-MHC
complex. This coreceptor is thought to play a role in the clustering of
TCRs at the IS. Using fluorescence resonance energy transfer (FRET) to de-
tect the interaction between CD8 and TCR, Yachi et al. (2006) ascertained
whether the association between these two molecules contributes to the
ability of the T cell to discriminate between closely related antigens. First,
they established a cell line (the OT1 hybridoma) in which the cytoplasmic
domains of both CD8 and TCR were fluorescently labeled. The OT1 TCR
recognizes a peptide derived from ovalbumin. Using FRET, the authors
monitored the interaction between CD8 and TCR when the T cells were
exposed to versions of the antigenic peptide that contained various amino
acid substitutions. These antigens were classified as strong or weak ago-
nists based on their ability to inhibit or stimulate activation of T cells. Fast
recruitment of and strong interaction between TCR and CD8 occurred
when T cells were treated with high-affinity TCR ligands (strong agonists). A weak interaction between TCR and
CD8 and delayed recruitment of these two molecules resulted when T cells were treated with low-affinity TCR
ligands (weak agonists). Recruitment of the MAP kinase ERK to the synapse, a downstream event in TCR signaling,
was also delayed when there was a delayed interaction between CD8 and TCR. The authors propose that the kinet-
ics of the interaction between these two receptors underlies the T cell response to different antigens.
P.P. Yachi et al. (2006). Immunity 25, 203–211. Published online July 27, 2006. 10.1016/j.immuni.2006.05.015.
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